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A CHECK OF THE UCLA CALCULATIONS OF DEFLECTION IN THE CALORIMETER 

This ENGINEERING NOTE presents a SUr.1mary of.the calculations 
done to check the UCLA calculations of deflection of various components 
of the TPC pole-tip calorimeters. UCLA calculated and measured deflec­
tions of various components under gravitational force, earthquakeac­
ce1erations and quench forces which arise during the collapse of the 
TPC magnetic field. 

THE UCLA Report HEE-1291 by H. K. Ticho provided the basic ·in­
format-ion about the calorir.1eter. In addition information Iflas obtained 
from UCLA Physics Department drawing PTC-1175-GN2 which was given to 
me by Gene Miner . .) ~lany of the deflection calculations were done by 
the UCLA ~1echan;cal Engineering Department usinq a computer. r·ly calcu­
lations for checking the lIorder of magnitude ll of the deflections were 
made using equations given in the 5th editio,n of Roark.4 My calcula­
tions are made in SI units. The electrical calculations are rational-
ized with the permeabil ity of air 1-10 = 47T X 10-1

• 

The deflection calculations are made for the following cases: 
1) Deflection of the rosts which support the stron9 back, lead plates 
and the aluminum pressore plate; 2) Deflection of the strong back 
plate and aluminum pressure plate under gravitational loading (i.e., 
earthquake forces); and 3) Deflection of the lead laminants under 
gravitational loading perpendicular to their, faces (i.e., earthquake 
loading and z direction loading due to magnetic field collapse). 
All deflection calculations were made under acceleration of gravity. 
Magnetic forces and earthquake loading can be expressed in terms of 
gravity loading. 

A check of the magnetic force loading during a collapse of the 
TPC magnet field was made. A calculation of the field decay of the new 
TPC magnet \'/as made and it was compared to the worst-case calculations 
made for the old TPC maanet. These worst-case calculations \'Jere the 
bases for the magnetic force calculations made by ~1. L. Stevenson5 

and the UCLA group.l The UCLA force and hence the deflection calcula­
tions are conservative. The rate "offield collapse for the conventional 
magnet is estimated. The resulting magnetic forces are compared to the 
UCLA calculations . 

.. 
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After checkinq the UCLA calculations for force and deflection, 
the following conclusions can be drawn. The deflection calculations 
appear to be correctly made. The calculations for maqnetic force and 
deflection appear to be conservative by nearly a factor of two for 
the superconducting TPC magnet. The forces during a collapse of the 
conventional maqnet field aDoear to be about 25% of those encountered 
during a collap~e of the su~~rconducting magnet field. 

1. Deflection calculations 

The UCLA report measures and/or calculates the deflections of 
several elements of the lead arqon calorimeters. The calculations 
include: ~) post deflection, b)-deflection of the lead plates under 
gravitational loading, c) deflection of the stack of plates in the 
direction of the 310 Stainless Steel stronqback, and d) deflection of 
the s~ack of plates in the direction of th~ aluminum pressure plate. 
These calculations were checked using equations from the 5th edition 
of Roark. The UCLA calculations were made by Professor S. Dong of 
the UCLA School of Engineering. Many of these calculations were made 
using the computer. 

a} Deflection of the posts 

The support posts (six of them) extend from the magnet 
pole tip some 370mm into the calorimeter. On these posts are hung 
the stainless steel strongback, 26 half-washers with 0.090-inch-thick 
lead plates, 76 half-washers with 0.045-inch-thick lead plates, and 
the 0.5-inch-thick aluminum pressure plates. Using some formulae 
given in Roark, a deflection 0.42mm was calculated.{See Appendix A.) 
The UCLA calculations and measurements show· a deflection of 0.66mm. 
The primary difference between the calculations given in this report 
and the UCLA calculations is that our calculations do not consider 
the fact that the edge of the post loses contact with the support 
surface. 

b) Deflection of the lead plates 

The UCLA calculation of the lead plate deflection was 
made using the EASE-2 computer program (See Figures lla and llc of 
the UCLA report). The LBL model assumed that the lead plate is a 30-
degree sector clamped at the radial edges. The maximum deflection is 
assumed to occur at a radius of 750mm. (This corresponds to the maxi­
mum deflection calculated by the EASE-2 program.) The UCLA calcula­
tions show a deflection of 0.56mm for the 0.045-inch lead plates. 

RL- 3220- 2,,( a ... 8/71) 
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Our calculations showed a deflection of 0.27mm.· The UCLA calcula­
tion of deflection of the O.OgO-inch lead plates shows a maximum de­
flection of 0.32mm. Our calculations show a deflection of 0.16rrm.(See 
Appendix B for the calculations of the lead plate deflection under a 
gravity load.} 

c) Deflection of the 310 Stainless -Steel strongback 

The stainless steel strongback is supported simply along 
the inner radius and it is supported simply at the six points around 
the outer radius of the plate (the six support posts). The strong­
back supports forces in the Z direction toward the iron pole. The 
strongback is not supported at all in the direction away from the. 
iron pole. The LBL calculations assumed that the strongback plate is 
simply supported at the inner and outer edges. The force on the 
plate was assumed to be uniform across the plate surface. The UCLA 
calculations used the actual support conditions in tne EASE-2 com­
puter code. The LBL calculation of deflection showed a deflection of 
0.18mm at the radius bebJeen the inner and outer radii of the plates. 
The UCLA calculation showed a deflection of O.25mm (between the posts) 
from a point midway between the two radii and the outer radius of the 
plate. 

d) Deflection of the aluminum pressure plate 

The method of calculation of deflection in the aluminum 
pressure plate is the same as for the strongback. The combined force 
on the plate surface is the total ~~ight of the lead, stainless steel 
and the aluminum. The plate is assumed to be simply supported on both 
the inner and outer radii (See Appendix C fOr the method of calcula­
t'ion). The calculated deflection was l.g)mm. This is due solely to 
the fact that the aluminum plate stiffness factor is one order of mag­
nitude lO\'/er than the stiffness factor of the stainl ess steel pl ate. 
UCLA calculated a deflection of 2.5mm usina the EASE-2 comouter code. 
I agree that the deflection along the Z axis may be excessive during 
an earthquake. (The deflection is excessive only when one considers 
the impairment of clearance with the TPC amplifiers.) One could re­
duce the deflection of the pressure plate by a factor of three by re­
placing the aluminum pressure alate with a 310 Stainless Steel plate 
of the same thickness. 

e) Deflection of the whole structure under earthquake 
loading 

When one calculates earthquake deflections one assumes a 

.1.- aalo. a.C B ••.. 8/71) 
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maximum acceleration of 19 (9.8 ms- 2 ) in any direction. Deflection 
in the radial direction is dominated by the deflection of the six 
stainless steel posts. Therefore it is 'correct to assume that maxi­
mum deflection in this direction is of the order of the 0.66mm calcu­
lated by UCLA. Z direction deflection depends on the direction of 
the acceleration. If it is toward the pole, the deflection of the 
strongback controls. The Z deflection toward the pole is 0.25mm. 
If the acceleration is a\'/ay from the pole the 2.5mm deflection of the 
aluminum pressure plate dominates. The laminations themselves should 
not deflect more than O.56mm calculated for the plates with 0.045 in. 
of lead on them. 

2. Forces and defl ections duri n9 a magnet quench " 

The UCLA calculations of magnetic forces during a quench are 
based on a PHYSICS NOTE by L. Stevenson. 5 In this physics note, the 
effect of field collapse in the coil and field collapse in the iron 
are considered. In simple terms, the collapsing coil field provides 
the d~/dt to generate azimuthal currents in the support plates and 
lead half disks. The flux decay in the iron is much slower (about 
104 sec according to Klaus Halbach ).6 t1agnetic flux lines coming 
from the iron are the source of radial and lonqitudinal fields which 
interact with the azimuthal currents toproduc~ longitudinal and 
radial force components in the strongback, lead half disks and the 
aluminum pressure plates. The radial forces act radially outward; 
the longitudinal forces act in a direction toward the iron pole. 

The calculations of TPC magnet field collapse time constant 
in the UCLA note came from an HIGINEERING NOTE I wrote in 1978.7 This 
note presents a worst calse calculation field decay in the old TPC 
magnet~ Field decay data for the new magnet will be presented in a 
latter section of this report along with the calculated field decay 
time constant for the conventional TPC magnet. The calculated maxi­
mum field collapse time constant for the new TPC magnet is 5.4 sec 
as compared to a "worst case" field collapse time constant of 3 sec 
used in the UCLA force calculations. The conventional magnet field 
decay time constant is about 1.4 seconds. 

The r·,. L. Stevenson5 and UCLA analysis1 of the magnetic force 
problem separates the magnetic induction and vector potential into two 
components. The first component is generated by the coil package 
(deSignated by a subscript zero); the second component is generated 
by eddy currents in the iron which refuse to allow the magnetic flux 

" 
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in the iron to die. In vector terms the ma~netic induction and vec­
tor potential are: 

....:0. ....:0. 

(l .- e .-t/'TO) -t/Tl B = . B e-t/To + Bl e 
. 0 

-1-. 
and -' 

....:0. 

.. A = A e -t/To + Al (1 _ e -t/To) e -t/Tl 
o '. -2-

. , 
~ 

where Bo and Ao' are aenerated by the con package and Bl and 
Al are generated by the iron. The inductions Bo and Bl have only 
radial and longitudinal terms (Bo is predominantly longitudinal ex­
cept very close to the pole). The vector potentials Ao and Al 
are only azimuthal. TO is the coil decay time constant (TO = 3 sec­
onds in the UCLA Note); and Tl is the iron decay time constant (Tl 
is from 10 3 to 104 seconds depending on how one looks at it.6 It.is 
assumed that Tl» TO' 

,.:> 

The magnetic force vector 
.. 

.. 
. , 

...lo. ....... ...:10. ....... ...30. 

F = .J x B = lEx B = 1 aA x B -3-- at p p 

...:10. ...:10. ~ 

where F is magnetic force; J is curren~ density; B is induction; 
~ ~ 

E is electric field; p is electrical resistivity; and A is vector 
potential. If one sets -

Tlo = e -tIT' 
0, :Tll = e -t/Tl -4a-

..... .... ....... ..... ..... 
oA = Al - Ao .. and B = Bl - Bo , -4b-. 

-
Then one finds that when TIl ~ 1 

. 

• 
, 

- .. - .. -, 
~ ..... ..- .. 
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~ n (l-n ) ~ ~ no ~ ..lo. 

F o 0 oB oA + B~ oA -5-= x x . PTo PT 
0 

and the ~~~e~q~:!~~na~bo~e=~~s i~oo;~;~Sto ~~~ :i:~;s~e~;~ea~al~8~~~5 
tion, UCLA assumed that tRe force was the sum of the two terms at 
their highest values. Thus, the r and z components of the force 
can be given as follows: 

. , 

Fr max 
'1 

[ Boz oA + 1 oBz o~J -5a-= --
4 PTO 

and 
,,-

Fz max 
1 

[Bo; oA + 1 oBr OA] -5b-= -- 4" PTo 

The r-component of the force will apply hoop stresses to the strong­
back and pressure plates which can be ignored because the plates have 
a large radial extent. The r-component can be ignored on the lead 
half disks as well because they alternate azimuthally on the support 
posts. Only the z-component of force is of interest in the calcula­
tion of deflection. 

Investigation of equation 5b yields the following observations. 
The maximum force (hence deflection) is inversely proportional to the 
peak decay ti~e constant and material resistivity. The peak force is 
directly proportional to the starting induction squared. (Bor • oA 
and oBr are directly proportional to the magnet startinq central 
induction.) ~Jhile the conventional maonet has a shorter decay time 
constant than the superconducting magnet, the magnetic forces are 
lower because the starting central induction is 0.4 Tesla instead of 
1.5 Tesla. 

I am convinced that the UCLA calculations of magnetic deflec­
tion are indeed conservative. The value of TO is the lm1,est "worst 
case" value based upon the bore tube time constant. Equation 5b 

" " 
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assumes that the peak force maximum occurs at the same point in time. 
In addition, a quench is a variable tine constant phenomena with the 
shorter time constants occurring at lower fields. The basic assump­
tions of the calculation will al't/ays tend to a conservative "\'Iorst 
case" value. 

3. The rate o~ flux change of the central fieid of the conven­
tional and th~ new superconducting TPC magnet 

In both the conventional and superconductinq TPC magnets, 
the time constant for current decay is the longer time constant 
which comes from a set of coupled equations. The conventional magnet 
has two time constants (Tl the coil time constant and T2 the winding·· 
rnandral time constant) which makeup the time constant for the col­
lapse of the field TL. The superconducting coil has an additional 
time constant (T3 the time constant for the pure copper circuit 
which comes into play. In both the conventional and superconducting 
magnets, the coupling between elements is reasonably good (say better 
than 90 per cent). As a result TO is the so-called longer time con­
stant. 

a) the conventional magnet 

For the conventional magnet, the value of To .is: 

-6-

where 

and 

where Ll is the self inductance of the coil; L~ is the self induc­
tance of the winding mandrel; Rl is the resistance of the coil; and 
Rz is the resistance of the windina mandrel. In the conventional 
magnet, the follo\'ling values apply:- Ll ~ O.321H, L2 ~·1.32 x lO-6H, 
Rl ~ 0.23n, and R2 ~ 2.19 X lO-6g. The values of the time constants 
are Ll = 1.43s, L2 = 0.6ls, and To= 2.04s. (Note: To is the 
time constant for magnetic field decay, not current decay. The cur­
rent will drop sharply at first with a much shorter time constant. 
When the current reaches sixt~ per cent of its startinq value it de­
cays exponentially with a time constant La.) The measured To is 
around 1.4s for the conventional magnet. 8 

.. 
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b) the superconducting coil 

The superconducting coil has no set val ues of Tl, T2 and T3. 
The time constants are much lonoer at the start of a quench when both 
temperature and resistance are low. The resistance of the coil grows 
rapidly as the quench propagates. Before the coil -stored ener9Y has 
begun to dissipate, the whole coil has become normal through quench­
back (this is true when the TPe maanet is at full design current). 
The average temperature of the coil package is 50K or below. At low 
temperature the longer time constant TL ~s lomger than it is at high 
temperatures. In order to use an equation like 5b, one must have an 
effective time constant Te. The minimum value of Te is "to in 
equation 5b. The follo\'ling expression can be used to estimate Te: 

Te = TL eo ~oED l" -7-

., 
where 

TL = Tl + T2 + T3 
. 

and 
Ll L2 L3 

Tl = ~ T2 = R2 Ti = R; , , 

and Ll is the coil self inductance; L2 is the bore tube self in­
ductance, L3 is pure copper curcuit self inductance; R2 is the 
coil resistance; R3 ;s the copper circuit resistance. (Note: L1 , 

L2 and L3 are independent of temperature but Rl , R2 and R3 are 
very much dependent on temperature.) Eo is the starting stored energy 
of the magnet. ED is the energy dissipated in resistive heatin9 in 
the three circuits. 

One can estimate T and ED as a function of temperature 
if one kno\'/s how material rbsistivity and enthalpy vary with tempera­
ture. Use the copper and aluminum tables in References 9, 10 and 11. 
The superconductor is about 64 per cent RRR = 140 copper. The copper 
circuit itself is assumed to be RRR = 200 copper. The aluminum bore 
tube is made from 1100-0 aluminum RRR = 25. The results of the time 
constant calculations are given in TABLE 1 (Note: magnetoresistance -
was included in these calculations)~ The major assumption made in 

'''"''''- .. 
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calculating Le was that the temperature is the same in the cooper, 
suoerconductor and bore tube as the quench proceeds. (I don't believe 
th~s results. in serious error.) 

TABLE 1. Various superconducting TPC magnet time constants as 
a function of temperature .. 

Average time constants (s)* I~ f* T Eo-EO 2 Le 
( K) Ll L2 L3 LL . Eo (s) 

10 7.8 5.4 12.4 25.3 1.000 25.3 
30 5.4 4.9 8.4 18.7 0.987 18.9 
40 2.9 4 .. 2 4.5 11.5 0.960 12.0 
50 1.7 2.9 2.7 7.3 0.900 8.0 
60 0.93 2.43 l.45 4.81 0.800 6.00 
65 0.71 2.16 1.11 3.98 0.720 5.54 
70 0.57 1.94 0.89 3.40 0.631 5.39# 
75 0.48 1.62 0.75 2.85 0.527 5.41 
80 0.39 1.42 0.60 2.41 0.348 6.91 

* See Referenae 10 for the resistivity data needed to calculate the 
resistance of the various circuits -

** Based on the energy being distributed so that all elements have 
the same temperature 

# The minimum value of Le uses this value for La in equation 
5b. (Note: a minimum value of La = 5.39 seconds results in a 
smaller magnetic force and deflection than the La = 3 seconds 
assumed in the UCLA study.) 
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APPENDIX A 

Calculation of the Deflection of the Posts 

The six support posts extend from the pole tip 0.37m. These 
posts are assumed to be made from 310 Stainless Steel \'/hich has a mod­
ull!s of 2.1 x 1011nm- 1 • The posts have an outside diameter of 50.Brnm 
and an inside diameter of 30.8mm. Using 

-Al-

where Dl = 5.08 X lO-2m and D2 = 3.08 x 10-2m one gets an 
EI product (E is the modulus of the post) of EI = 5.937 x lOqNm2. 

In order to calculate the deflection; one must look at how the 
forces are applied to the post. FigureAlshowsthe\"eight of the 
strongback as WI, the weight of the pressure plate as W2 , the weight 
of the thick lead plates as a distributed load W3 , and the weight of 
the thin lead plates as a distributed load Wq. The deflection, which 
is maximum at the point where W2 is applied, is simply the sum of 
the deflections due to each of the forces. The end of the post where 
WI is applied is fixed so no rotation can occur. (This does not quite 
occur in real life.) 

x, 
i 

( 

XI': O. 3~ rm I 
Wi =- b01 N I 

I 
I 

><,=0,01 M\. I 

I 
Wr.= 14-1 N X} :: 0.15 IW\. 

I J.."::.o,~lrm. W~ = I =l-4.I~ N 1Wl-' 
I 
I 

9?~\ NIYn.-' I Wq.-=-
\ 

/ 

FIGURE Al. Force Diagram for the Calorimeter Support Posts 
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The deflection at the free end due to force WI can be calcu­

lated using the following equation (see Figure Al): 

-W:l 
3R. 2 x1

3 ) YI = 6El '{2R.
3 - Xl + -A2-

. Roark 5th Ed (1975 ) 
Table 3:-la p 96 

Using this equation, one gets: 

0' 

f 

-l.856 x lO-7m 
' .. 

YI = .. 

The deflection due to force W2 can be calculated with the equation 
above except a subscript 2 is substituted for subscript 1. Using 
equation A2 one gets the following value for deflection at the free 
end due to force W2 : ' 

, 
The deflection at the free end due to the distributed load 

W3 can be calculated using the follm'ling equation form: 

Roark 5th Ed (1975) 
Table 3-2a p 98 

From equation A3 one gets a calculated deflection due to the dis­
tributed load W which is as follows: 

The deflection at the free end due to the distributed load 
W~ can be calculated using the followingequatiom form: 

.. 

-A3-

-A4-

R_ 3220. 2.1 A •• , AI 7 II 
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From equation A4 one gets a calculated deflection due to the distributed 
load W4 which is as follows: 

Y4 = -3.490 x 10- 4m 

The total free end deflection calculated is 

-AS-

When one solves equation AS to get the maximum deflection 

one can compare the results from eq. AS with·a calculation based on uni­
form loading of the post: 

Using W = 1.063 x lO'Nm- 1
, one finds that the maximum deflection 

under uniform loading from equation A6 

Ymax = 4.195 x 1O-4m 

which is very close to that calculated by eq. AS. 

-A6-

It should be noted that the UCLA calculations considered the 
fact that the post loses contact with the pole plate. (The fixed 
boundary condition of the wall is not valid.) The UCLA deflection 
of 6.6 x 10-4m is higher than Ymax calculated here as a result. 
The UCLA paper didn't say what material the post was made of. I 
assumed it was 310 Stainless Steel (the same as the strongback back 
plate). If the post were made from 304 Stainless Steel (a likely 
possibility) the deflection would be 14 per cent more. I am satis­
that the UCLA calculations for post deflections are correct. UCLA 
has experimental data to backup their calculations. 

.. 

.... ',<:t 
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APPENDIX B-~; 

Deflection of the Lead Plates 

Calculation of the deflection of the lead plates under gravity 
loading was done using the assumption of a solid circular sector of in­
finite radius with a uniformly distributed load q over the entire 
surface. The straight edges are assumed to be fixed (see Figure Bl). 

FIGURE Bl. Force Dia~ran for an infinite sector of a circle \,/ith a 
uniform force on it and fixed boundaries at the ed~es 
of the sector 

aL- 3220- 2.< a .... 8/71) 
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Maximum deflection will occur along the center line.at <1>=0. 

The radius r corresponds to the Doint of projected maximum deflec­
tion. This point of maximum deflectiom is estimated to lie two 
thirds of the way out on the lead disks at R = 0.723m (the UCLA 
calculations put the point of maximum deflection at R = 0.744m). 
The equation which calculates the deflection at <1>=0 is as follows: 

[(1 -cos e) 2 ] 
-

Y = ~ . 
320 1 + 2 cos e 

Roark9 5th Ed (1975) . Table 24-29 p 371 
, ./ 

where 

-B1-

0 = Et 3 

12(1 - v2 ) -B1a-

and e is less than 600 . E is elastic modulus; t is the plate 
thickness; and v is Poisson's ratio. R is the radius of the 
point 6f projected maximum deflection; e is the angle between the 
lines of the sector which are fixed; and q is the pressure force 
per unit. area on the sector. 

For the calculation given for 19 loading of the lead 
plates e = 300 and R = 0.723m. TABLE Bl shows the calculated 
values of 0, q and y for both the 45 mil-lead"laminants and 
the 90 mil lead laminants. 

TABLE Bl Force per unit area, 0 modulus and deflec­
tion for the lead sheets under gravity loading 

aL- auo- a.( Rn •. 8/ 71l 

o (Nm)* 

q (Nm- 2 ) 

y (m) 

0.045-inch laminant 0.090-inch 1aminant 

317.7 

1491 

1007.5 

2801 

2.65 X 10-'+ 1.56 x 10-'+ 

as given by the UCLA report 

• 
-. .. 
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The deflections calculated using eq. Bl are roughly half of 
what was calculated by UCLA. The point of maximum deflection for the 
UCLA case was O.744m, not O.723m. The fixed constrained boundary con­
ditions assumed by Roark are not totally indicative of real life. The 
actual boundary condition lies some where between .fixed and free. In 
the UCLA calculation along line XX in Figure lla the deflection maxi­
mum occurs at R ~ O.745m. If this deflection.is added to the LBL 
calculated deflection value, the deflection given along ,the YY line 
is almost achieved. This is the least satisfactory part of the de­
flection calculation. I feel that the UCLA calculation under gravi­
tational load is realistic. 

" 

., ~ III 0 on _ Q _I III ... _ Q J ., .. \ 
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. APPENDIX C 

-\-Deflection of the Pressure Plate and Strongback 

The 310 Stainless Steel strongback and the 6061 Aluminum pres­
sure plate can be treated as a disk with a hole in it. The boundary 
conditions at the edge of the disk approximate a simply supported edge 
on both the inner and outer edges of the disk~ See Figure Cl. The 
disk has an inner radius b = 0.287m; the outer radius a = O.940m. 
The loading on the disk due to the gravitational loading of the lead 
plates is 10813 Nm- 2 

• 

FIGURE Cl. 

Q~ 
" b~ 

I 
I 

j 

Uniform Loading of Disk simply supported on the outer edge 
and the edge of the central hole 

The loaded disk deflection problem is one of the standard prob­
lems found in Roark. The equation for maximum deflection of a uniformly 
loaded circular plate with a hole in it which is simply supported at 
both the inner and outer edges is given as follows: 

~ y = Ky D 

aL - 3 a ao - a a( a.,. 8/ 7 1) 

Roark 5th Ed (1975) 
Table 24-2c p 339 

• 
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where 

D = 

and \I Poisson's ratio is 0.3. E is the e.1asti.c modulus; t is the 
plate thickness; a. is the outer radius of the ,disk; b is the inner 
radius of the disk (see Fig. Cl) and Ky is. a coefficient which is a 
function of b/a. For b/a = 0.305, Ky ~ 0.0029. TABLE Cl shO\'Is 
the values of E, t, D and the deflection calculated for the tltlO 
types of plates. 

TABLE C1. The modulus, plate thickness, 0, Ky and the 
deflection under gravity loadi'ng"for the strong­
back and pressure plates 

strongback 

property 
plate 

310 St Steel 

pressure 
plate 

6061 Aluminum 

E 

t 

D 

b/a 

Ky 
y 

(Nm- 2 ) 

(m) 

eNm) 

(m) 

2.l0x1011 

1.91 X 10- 2 

1.34 X 10 5 

0.305 
0.0029 

1.83 x 10-" 

0.69 X 1011 

1.27 X 10- 2 

1.29 x 10" 
0.305 
0.0029 

1.90 x 10- 3 

The ca1culatioms of deflection using the disk which is simply 
supported at both edges yields a lower deflection than the UCLA calcu­
lation using the EASE-2 computer code. The simply supported boundary/ 
condition on the outer edge of the disk is not quite accurate. The outer 
edge of both plates is simply supported at only the six points where 
the plates are attached to the posts. It is reasonable to expect the 
disk between the support points to deflect an additional 30 per cent. 
The UCLA calculations of deflection under gravity loading appear to be 
correct. 

MAG/am 
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